A 58-year-old woman living in Reunion Island and returning from Madagascar was hospitalized for neuroinvasive encephalitis and died 1 month later. West Nile virus (WNV) infection was biologically confirmed by detection of immunoglobulin M (IgM) reactive with WNV antigens in both cerebrospinal fluid and serum, and weak neutralizing activity was also detected. A veterinary survey performed in her traveling area showed a seroprevalence of WNV of 28.7% (95% confidence interval [CI] = 21.1-36.3) in adult poultry, confirming an active circulation of the virus. Development of a severe form could be related to a weak antibody response, because the patient presented low IgM and IgG titers. This case report underlines the constant risk of emergence of West Nile in Indian Ocean territories, including Reunion Island where competent vectors are widely present during the whole year.
BACKGROUND
West Nile virus (WNV) is widely distributed around the world. In the Indian Ocean region, it has been responsible for a large outbreak in South Africa in 1974, 1 and circulation has been documented in several territories of Africa and Asia (Kenya, South Africa, Madagascar, Thailand, India, etc.), 2 although no human epidemics have been reported. In Reunion Island, a French overseas territory 700 km east of Madagascar (Figure 1 ), a seroprevalence study suggests that WNV might have been circulated a few decades agos, 3 but no human case has been confirmed until now. Veterinary surveillance also suggests a past circulation, but is not in favor of a current one (data under publication).
CASE REPORT
On May 30, 2011, a 58-year-old woman without medical history apart from a medically managed chronic hypertension living in Reunion Island developed a high fever with a temperature of 40 C. She was just returning from Madagascar where she had spent 2 weeks. Research of malaria parasites was performed by microscopy and immunochromatography and turned out negative.
The first neurological symptoms appeared on May 31, as the patient was clinically presented with encephalitis, manifested as abnormal cerebrospinal fluid (CSF) findings accompanied by confusion and acute flaccid paralysis manifested as asymmetric paralysis and peripheral motor deficits.
On June 4, a CSF examination showed a red blood cell count of 3/mL, white blood cells of 77/mL, comprising 80% lymphocytes, 140 mg/dL protein level, and a normal glucose level. All the criteria for encephalitis were present, i.e., fever 38 C, neurological signs, and pleocytosis and elevated protein in the CSF (white blood cell count of 4 cells mm 3 or protein level of 40 mg/dL). Predominance of lymphocytes and negative bacterial culture in the CSF were strongly in favor of a viral etiology but polymerase chain reaction (PCR) studies of her CSF for chikungunya, enterovirus, dengue, West Nile (WN), and herpes viruses were all negative. A serology was also performed for dengue virus (DENV), chikungunya virus, and Rift Valley fever virus and all the results were negative. Presence of immunoglobulin M (IgM) against WNV antigens was documented in both CSF and serum samples using in-house IgM antibody capture-enzyme-linked immunosorbent assay (MAC-ELISA) developed by the French National Reference Center for Arboviruses. In-house indirect IgG ELISA turned out negative. In a late sample drawn at J30 after onset of disease (i.e., 24 days after the early one), in-house MAC-ELISA and indirect IgG ELISA still indicated the presence of IgM and revealed a weak IgG seroconversion. Seroneutralization tests 4 also detected a weak level of antibodies with neutralizing activity (50% plaque reduction neutralization test = 20) against WNV.
The patient's condition began to clinically deteriorate 1 week after admission with periods of agitation and confusion and an increase in hyperthermia. She was transferred to a neurology intensive care unit and intubated; her Glasgow coma score was six. Thereafter, there was a partial and gradual improvement of her neurological status (Glasgow score = 11) with slight regression of peripheral motor deficit and confusion but persistent hypotonia and marked asthenia. She died on June 30th of cardiogenic shock after deep and prolonged bradycardia.
EPIDEMIOLOGICAL AND VETERINARY INVESTIGATIONS
The WNV is maintained in nature by a cycle involving mosquitoes and birds, which are presumed to be the most *Address correspondence to Sophie Larrieu, 2 bis avenue Georges Brassens, BP50, Saint Denis 97408, La Ré union, France. E-mail: sophie.larrieu@ars.sante.fr important amplifying hosts. 2 Research conducted in Madagascar since 1975 revealed the persistence of an endemic circulation of the WNV in Madagascar. 5, 6 The patient returned from the province of Mitsinjo, located on the northwest coast of Madagascar (70 km from Mahajanga, Figure 1 ), where she had spent 15 days from May 14-30, 2011 for hunting; and we precisely found the presence of the virus in that area of Madagascar in August 2009 through the AnimalRisk project. 7 Indeed, a survey on animal population was undertaken in several districts recognized as migratory bird spots. A total of 136 blood samples were collected in Mitsinjo, from randomly selected adult poultry: goose (Anser anser), duck (Cairina moscata), chicken (Gallus gallus domesticus), and wild turkey (Meleagris gallopavo). Each serum sample was systematically tested for prE WNV-specific IgG by using a commercial ELISA (competitive ELISA kit, Id-Vet, Montpellier, France) and submitted to plaque reduction neutralization because antibody cross-reactions with others flaviviruses may be encountered. Of the 136 poultry studied, 39 were positive for WNV antibodies, for a seroprevalence of 28.7% (95% confidence interval [CI] = 21.1-36.3). In 1982, 40 WNV strains had also been isolated in Culicidae from Ampijoroa, a town close to Mahajanga; vectors in this province with a dry tropical climate belong to Aedes (Ae. albocephalus, Ae. aegypti, Ae. circumluteolus, Ae. madagascariensis), Anopheles sp. and Culex triaeniorhynchus. Furthermore, a seroprevalence survey conducted in 1999 suggested endemic human transmission of WNV in this area, because 10.6% of the children from Mahajanga 15 years of age or less had anti-WNV IgG. 9 
CONCLUSIONS
We reported here a fatal WNV infection in a 58-year-old woman. Despite the documented IgM positivity and IgG seroconversion, infection by another virus should not be totally excluded because cross-reactions between flaviviruses have been extensively described. 10 Regarding the negative reverse transcription-PCR (RT-PCR) in both CSF and serum, WNV genetic material can be detected in CSF in 50% of patients who present with acute meningoencephalitis, and viral loads begin to decrease before or concurrent with IgM development. 11 Post-mortem samples could have been useful for virus isolation but unfortunately they could not be performed. An autochthonous infection in Reunion Island is also technically possible, as incubation periods for flaviviruses might exceed 2 weeks. However, to our knowledge, the only other flavivirus likely to be circulating in Madagascar and Reunion Island is DENV, and no transmission was observed in 2011 despite an active surveillance in both countries. Furthermore, DENV RT-PCR and serologies were all negative for the patient. Regarding place of infection, although WNV might have been circulating in Reunion Island several decades ago, 3 no confirmed human case has been reported until now and no recent animal infection has been confirmed despite an active surveillance. In view of these elements, diagnosis of a WNV infection imported from Madagascar seems more than probable based on several converging arguments: an IgG seroconversion with a neutralizing activity; the presence of the virus in the area visited by the patient; a very compatible clinical syndrome; and negative results for DENV, which is assumed to be the only other flavivirus likely to circulate in Reunion Island and Madagascar.
Because the patient had traveled in an area where both mosquitoes and birds were found to be infected, and where human transmission is thought to be endemic, the circumstances of the infection were rapidly assumed. Reunion Island belongs to a regional network for epidemiological surveillance and health alert management coordinated by the Indian Ocean Commission (SEGA network), an intergovernmental organization also including Madagascar, Comoros, Mauritius, and Seychelles. All the information about this case was shared as part of this network, so that the Malagasy's surveillance unit could realize an active case research in the indicated area. Since May 15 to the end of the year, there has been neither suspected nor confirmed cases reported, suggesting that the transmission was sporadic.
Neuroinvasive forms of WNV infection represent 1% of WNV-infected persons. 12 Acute flaccid paralysis is also uncommon, but can occur without associated meningitis or encephalitis. It has been described as having a poor long-term outcome, and the fast-but slight-regression of peripheral motor deficit presented by the patient is not usual. 13 The patient's only chronic condition that could be related to severity of the disease was hypertension, which has been described as a risk factor for developing a neuroinvasive form of WNV infection, 14 even when treated. 15 Although it was not the first human West Nile infection documented in Madagascar, the occurrence of this fatal infection underlines the constant risk of emergence of the disease in Indian Ocean territories. Indeed, many islands serve as landing points between Africa and Asia for numerous migratory birds, which constitute a major reservoir for flaviviruses. Once the virus is introduced, three competent vectors widely present during the whole year because of the tropical climate can facilitate its dissemination whatever the season: Culex quinquefasciatus, already shown as responsible for urban transmission cycles of WNV, 16 is present in the whole urban areas of Reunion Island; and Culex tritaeniorhynchus and Culex unnivatus, which have been thought to be involved in transmission in Pakistan 17 and South Africa, 1 are also present in the island to a smaller extent. Although vector competence is influenced by many extrinsic and intrinsic factors, the risk of an outbreak of WNV has therefore to be considered. As a reminder, the introduction of chikungunya virus through an infected traveler returning from Madagascar in Reunion Island, where the population was totally naive, led to the greatest outbreak ever described: between March 2005 and December 2006, 266,000 persons were infected among 780,000 inhabitants. 18 This case also raises the need for collaboration between neighboring countries, especially when exposed to similar risks of emergence. Indeed, timely and transparent sharing of information at an international level can be crucial to limit the risk of spread of infectious diseases. The existence of strong links between Reunion Island and Madagascar through the SEGA network allowed this sharing, and complementary investigations were immediately undertaken to detect any spread of the disease.
